Abstract|This work deals with the guidance and control of the motion of a cart. The cart is composed from two wheels and an axle that passes through their centers. Each of the cart's wheels is controlled separately. Given two points P and Q in the horizontal plane. By using the concept of path controllability, a closed-loop control law for the cart's wheels is derived, to bring the axle's center from P to Q during a given time interval 0; t f ].
INTRODUCTION
This work deals with the control and guidance of a cart moving on the horizontal (X; Y )-plane.
The cart is composed of two wheels and an axle that passes through their centers. Each of the two wheels is controlled separately. Given two points P and Q in the (X; Y )-plane, and let 0; t f ] be a time interval, where t f > 0 is a given number. The problem considered in this work is as follows: nd a closed-loop control law to each of the wheels, such that a point (x; y), xed on the center of the cart's axle (see Figure 1 ), will move from P to Q during the time interval 0; t f ].
Note that the motion of the cart is subjected to nonholonomic constraints 1].
Let (t) = (x(t); dx(t) dt ; y(t); dy(t) dt ) > . If for any two points Q 1 and Q 2 in R
4
, and for any time interval 0; t f ] control functions for the two wheels can be found such that the cart will move from (0) = Q 1 to (t f ) = Q 2 , then we say that the cart is path controllable.
In this work, by using the concept of path controllability, a straightforward method for constructing a closed-loop control law for the problem posed here, is proposed. The concept of controllability for nonlinear systems is given, for example, in 2, 3] , and in the references cited there (see also, a recent tutorial representation 4] on developments in nonholonomic control systems). The conditions described there for establishing controllability depend on the structure of the Control Lie Algebra of the system. However, checking these conditions is not a easy task for a nonlinear system of high order. The procedure described here for constructing control laws, circumvents dealing with the Control Lie Algebra, and was applied successfully in 5, 6] a unit vector along the axle of the cart (see Figure 1 ) and let _ 1 and _ 2 denote the angular velocities of wheel 1 and wheel 2, respectively. Also, denote by a and L the radius of each of the wheels and the length of the axle, respectively. Then, using the procedure described in 8] it can be shown that
_ y = ? a 2 ! 1 cos ; 
dx 3 dt = a L u 1 ;
dx 4 dt = u 2 :
Equations (5){ (8) constitute here, the equations of motion for the problem dealt with here.
PATH CONTROLLABILITY
In this section, we will show that the system dealt with here is path controllable. Let P = ( (9) and (11) 
The system given by (12), (13) are computed via (5) and (6) using the values of 0 . Hence, the system given by (5){ (8) where u C (t) = (u C1 (t); u C2 (t)) > , t 2 0; t f ], is given by (14). A numerical study conducted on the motion of ( ; 0 ; u C ) showed that u C ( ) is robust for small deviations of 0 from (0).
